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Staling in Two Canned Lager Beers  
Stored at Different Temperatures –  
Sensory Analyses and Consumer Ranking 
Ittipon Techakriengkrai1, Alistair Paterson1,3, Behnam Taidi2 and John R. Piggott1
ABSTRACT 
J. Inst. Brew. 112(1), 28–35, 2006 
Two canned lagers, lager A (5% abv with late hop character) and 
lager B (4% abv) stored for 0, 7, 14, 21 and 28 days at 4, 12, 30 
and 37°C were scored by trained sensory assessors (10) for lik-
ing and stale and related attributes of: cabbagy, cardboard, catty, 
grainy, honey, leathery, metallic, musty, skunky, and sour. Princi-
pal component analysis explained 80% data variance in 3 sig-
nificant (p < 0.05) and 75% in 4 significant factors for A and B, 
respectively. In both lagers, aging correlated significantly with 
stale, cabbagy and musty and in A with metallic and sour and in 
B with catty and skunky. Partial least squares regression (PLS1) 
models showed good explanations: stale had regression coeffi-
cients of 0.88 (calibration) and 0.84 (validation) for A, and 0.96 
and 0.91 respectively, for B; for liking 0.92 and 0.90 for A and 
0.96 and 0.93 for B. For both lagers, liking was positively cor-
related with honey and grainy, and inversely with staling attri-
butes. Lagers from 30°C were ranked for liking by 40 consumers 
against fresh as a hidden reference. Significant (p = 0.05) rank-
ing of A, but not B, correlated with that of trained assessors. 
Key words: Beer quality, consumer acceptance, flavour model-
ling, freshness, shelf-life, staling. 
INTRODUCTION 
Flavour stability is one of two key factors determining 
lager shelf-life, the other factor being physical stability2. 
Lagers differ in character as a consequence of process and 
recipe differences. During storage, canned lager flavour 
changes depending upon product factors such as pH9,15, 
initial wort composition, pitching rate and yeast strain15, 
post-fermentation processing, subsequent storage time 
and temperature1,15, and the concentration of oxygen in 
the can. 
Canning as a packaging method has advantages in term 
of logistics – reducing weight and enhancing packing ro-
bustness – and decreasing potential for lightstruck flavour 
development. In 1998, cans constituted 24% of total UK 
beer sales2 with a typical shelf life of 9 months at ambient 
temperature. The storage temperature of canned and bot-
tled lagers, particularly at over 30°C7,8,16,18, impacts heav-
ily on flavour development particularly with respect to 
carbonyl compounds such as aldehydes1,2,6. 
Staleness development is important in determining la-
ger shelf-life and partial least square modelling has shown 
that grainy, sour, and sulphury are correlated with the de-
velopment of the staleness character in American lagers6. 
Beer flavour terminology links stale to the flavours: 
mouldy, leathery, papery, catty, and musty14. In a paired 
test consumers preferred fresh over lightstruck beers16 and 
expectations were not met when a branded product was 
served stale. 
For prediction of quality factors such as liking partial 
least squares regression (PLS1) is widely used13 as large 
X matrices of sensory or compositional can be related to 
single or small numbers of Y variables such as bitter17, 
and stale characters in lagers6. The purpose of this study 
was to explore relationships between stale attributes6,7,14, 
liking and consumer ranking using trained and untrained 
assessors as a preliminary to flavour analyses. 
MATERIALS AND METHODS 
Products 
Two commercial canned lagers, A (5% ABV) and B 
(4% ABV) were stored at four temperatures (4, 12, 30, 
and 37°C) for 7, 14, 21, and 28 days. Lagers were sam-
pled for sensory scoring each week. Lagers stored at 30°C 
were used in consumer ranking. 
Difference testing 
Triangle tests were performed in duplicate on different 
days to BS ISO 4120:2004, using 9-month naturally staled 
lagers (A and B) stored at 12°C and fresh batches of both 
lagers. Lagers (25 mL) were served at 5°C, under red 
light, in individual booths. 
Scoring 
Assessors (10), staff and students at the University of 
Strathclyde, were trained with 9-month old lagers to un-
derstand pre-selected stale attributes (Table I) linked to 
staling characters. Aliquots (25 mL), 5° ± 2°C with dupli-
cate experiments on separate days, were tasted in a ran-
domised block design and assessors scored attributes on 
line scales anchored at 10% and 90% in PSA software 
(OP&P, Utrecht, Netherlands). 
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Consumer ranking 
Forty lager-drinking consumers – staff and students, 
predominantly male, in the University – ranked lager A 
and lager B samples (0, 7, 14, 21, and 28 days) stored at 
30°C separately on the basis of preference (liking). 
Data analyses 
ANOVA was performed by Minitab v.13.1 (Minitab 
Inc., USA); principal component and partial least square 
regression analyses using Unscrambler v7.6 (CAMO A/S, 
Oslo, Norway); Duncan’s multiple range and least signifi-
cant (LSD12) tests using SPSS for Windows 10.4 (SPSS 
Inc., USA); and complete block using Design Express V.1.0 
(Qi Statistic and Product Perceptions, Berkshire, UK). 
RESULTS 
Sensory descriptive analyses 
Scores for A (Table I) and B (Table II) showed that for 
both products 6 of the 11 attributes had significantly (p < 
0.10) changed over the 28 day period. The changed at-
tributes common to both products were: cabbagy, honey, 
musty, and stale. In addition, for A – metallic and sour had 
also changed and for B – catty and skunky. Time had a 
greater impact on sensory score than storage temperature. 
Principal component analysis of A showed 3 signifi-
cant components (1, 5 and 7; p < 0.05) that explained 
80% sensory variance (74, 4, 2%). The first factor “stale”, 
positively scored and correlated with loadings for: cab-
bagy, cardboard, catty, leathery, metallic, musty, skunky, 
and sour (PC 1 vs PC5 – Fig. 1a). Honey and grainy 
scored negatively, linked to liking and polar to stale possi-
bly freshness. This suggested that assessors used cabbagy, 
cardboard, catty, leathery, metallic, musty, skunky, and 
sour to score overall stale character. Factor 5 separated 
leathery from other characters and linked it to the lager 
stored longest at 37°C. 
Lager B had 4 significant (1, 3 4, 7; p < 0.05) compo-
nents that explained 75% sensory variance (66, 6, 2, 1%). 
In the product space (PC1 vs PC3 – Fig. 1b) the first fac-
tor again defined as staleness, positively scored and linked  
TABLE II. Scoring in descriptive analysis with staling of lager B. 
Samples Cabbagy Cardboard Catty Grainy Honey Leathery Metallic Musty Skunky Sour Stale Preference
Fresh batch 30.86 18.36 20.14 29.64 21.79 19.86 37.93 30.86 28.00 33.86 20.89 39.57 
 4°C, 7 days 15.90 17.60 14.50 31.20 33.30 15.30 29.80 19.90 18.40 28.40 24.30 47.10 
12°C, 7 days 17.10 17.60 19.70 36.40 26.00 18.80 35.00 25.10 16.90 35.60 24.70 44.10 
30°C, 7 days 23.10 15.30 20.60 40.30 30.50 18.50 29.00 30.50 20.90 30.00 27.80 42.30 
37°C, 7 days 24.00 21.20 24.60 27.80 29.40 16.70 35.70 21.70 26.10 29.10 28.70 41.70 
 4°C, 14 days 36.00 24.25 25.00 24.42 15.83 24.00 29.50 40.50 26.67 35.33 40.67 24.33 
12°C, 14 days 43.67 27.58 32.08 24.83 14.75 27.00 32.08 42.92 27.75 35.08 40.75 19.50 
30°C, 14 days 39.67 23.00 33.83 25.17 15.50 20.42 31.58 30.75 29.33 33.50 44.25 18.08 
37°C, 14 days 42.42 23.17 33.00 26.08 16.67 21.92 32.67 44.00 40.17 43.83 52.92 18.17 
 4°C, 21 days 17.93 18.29 14.07 29.93 27.29 18.64 35.50 26.57 15.07 31.07 29.57 42.00 
12°C, 21 days 21.93 18.21 20.79 26.14 30.86 21.43 33.43 24.07 19.79 28.00 25.36 45.50 
30°C, 21 days 25.86 19.57 22.36 32.07 25.43 18.29 39.07 33.57 21.50 33.43 30.86 35.57 
37°C, 21 days 24.64 18.86 21.36 28.14 32.21 16.43 37.29 28.93 16.14 31.07 27.86 39.43 
 4°C, 28 days 25.07 27.43 24.79 28.57 19.79 24.43 37.50 33.86 20.64 46.50 37.00 29.86 
12°C, 28 days 24.50 27.29 28.64 27.14 18.64 21.00 42.14 32.71 24.07 44.29 33.71 35.86 
30°C, 28 days 34.07 32.71 34.07 25.64 21.93 22.43 40.50 51.79 32.50 39.50 44.43 28.86 
37°C, 28 days 28.57 30.00 27.50 25.50 17.57 26.79 39.57 41.86 24.64 36.14 38.07 29.36 
p value 0.002 0.138 0.101 0.448 0.001 0.807 0.969 0.000 0.084 0.185 0.077 0.000 
TABLE I. Scoring in descriptive analysis with staling of lager A. 
Lager Cabbagy Cardboard Catty Grainy Honey Leathery Metallic Musty Skunky Sour Stale Liking
Fresh 16.43 21.93 23.86 13.94 21.21 19.43 45.57 27.29 22.29 41.14 35.36 30.57 
 4°C, 7 d 19.10 23.60 25.20 40.10 21.70 15.40 37.60 30.30 17.40 27.90 35.20 32.70 
12°C, 7 d 16.40 25.30 22.10 30.60 30.20 14.00 38.20 23.30 17.30 29.50 25.00 41.40 
30°C, 7 d 15.30 16.10 17.90 34.00 29.90 16.40 29.40 25.80 17.80 45.60 24.60 38.20 
37°C, 7 d 17.10 18.90 18.50 33.70 28.80 15.00 29.00 26.30 14.20 33.70 30.20 41.20 
 4°C, 14 d 21.07 19.64 22.43 29.79 21.86 18.21 46.36 30.14 22.00 30.21 24.64 40.21 
12°C, 14 d 24.79 24.64 22.21 30.86 21.29 20.43 44.36 37.07 24.36 30.64 27.79 27.86 
30°C, 14 d 31.86 25.00 24.43 35.00 21.57 21.93 38.93 34.86 22.36 31.93 29.86 30.86 
37°C, 14 d 25.00 19.21 21.29 33.07 33.71 16.36 32.07 26.71 19.07 25.14 31.64 33.86 
 4°C, 21 d 27.57 21.50 28.00 33.07 24.43 19.50 47.07 34.64 24.36 43.21 32.43 29.00 
12°C, 21 d 28.86 21.43 28.21 37.00 27.71 19.21 50.93 35.79 24.36 38.21 36.57 31.50 
30°C, 21 d 29.93 22.43 28.86 33.57 28.57 21.86 39.79 32.43 25.07 33.21 32.64 34.29 
37°C, 21 d 31.79 20.14 28.86 34.07 23.14 19.64 40.71 40.93 24.50 35.21 36.93 29.14 
 4°C, 28 d 40.07 35.86 40.64 24.57 13.29 22.43 57.71 45.00 39.29 53.79 40.64 18.00 
12°C, 28 d 38.43 28.57 32.79 24.00 13.43 20.86 58.14 45.14 34.36 51.36 46.71 21.64 
30°C, 28 d 35.57 23.00 35.29 25.79 14.86 19.86 50.50 40.14 33.36 55.21 47.93 25.07 
37°C, 28 d 30.79 32.43 32.14 26.14 13.50 22.71 38.86 45.36 29.21 52.64 52.21 25.07 
p value 0.006 0.123 0.200 0.249 0.000 0.801 0.020 0.019 0.131 0.000 0.054 0.044 
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 Fig. 1a. Loading plot of lager A from PCA. 
Fig. 1b. Loading plot of lager B from PCA. 
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to the 28-day samples for liking and negatively scored and 
linked to honey and grainy. Factor 3 discriminated grainy 
linked to day 7 lager (12 and 30°C). Fresh lager was cen-
tral in factor 1, and not well correlated with liking.
Soft modelling of scores for stale and liking
Scoring for stale and liking were modelled as single Y 
variables in PLS1 to examine prediction of scoring of the 
other attributes with influences calculated as -coeffi-
cients. Liking was excluded from predicting stale. For A, 
one factor was optimal (Fig. 2) with correlations of 0.88 
and 0.84 (calibration and validation), of stale with catty 
(0.12), cardboard (0.11), sour (0.10), musty (0.11) and 
cabbagy (0.11). Two attributes showed negative -coeffi-
cients: honey (–0.10) and grainy (–0.08). In the prediction 
of liking (Fig. 3) one factor was optimal and correlated 
0.92 (calibration) and 0.90 (validation) with honey (0.10) 
and grainy (0.07) influencing the model. All other attri-
butes had negative -coefficients. 
For stale in lager B, two components were optimal and 
gave correlation coefficients of 0.96 (calibration) and 0.91 
(validation) (Fig. 4); but it was difficult to link stale with 
any attribute from loadings (Fig. 4) but -coefficients 
skunky (1.64), cabbagy (1.33), catty (1.14), musty (1.10), 
and sour (0.86) were important. Negative -coefficients 
were obtained for metallic (–1.07), honey (–0.79) and 
Fig. 2. Loading and Prediction of stale for lager A from PLS1. 
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grainy (–0.49). In modelling, liking correlations of 0.96 
(calibration) and 0.93 (validation) were obtained with two 
components (Fig. 5). Again liking was linked in loadings 
to honey (0.18) and grainy (0.07), but from -coefficient, 
metallic (0.17) also had a positive influence on liking.
Sensory different testing 
Triangle tests were carried out to establish if trained 
assessors could discriminate fresh lager from stale (9 
month) lager. After a training period, assessors could dis-
criminate stale lager A from fresh lager at 95% confidence 
level (P < 0.05), but stale B from fresh B at only 80% (P < 
0.20) significance level. 
Consumer hedonic testing 
Ranking data was collected for the two (A and B) sets 
(stored at 30°C for 0, 7, 14, 21, and 28 days) using 40 
regular non-trained consumers of lager. The data was ana-
lysed by both Duncan’s multiple range and least signifi-
cant different tests. In lager A (Table III) samples were 
ranked according to degree of liking into 3 significantly 
different groups at a 0.05 confidence level: fresh products; 
those stored 7 and 14 days; and those stored for 21 and 28 
days. This grouping was confirmed by the least significant 
difference test (LSD). From both analyses, the crucial 
period for consumer ranking was 14 to 21 days (P = 0.002) 
of storage. 
Fig. 3. Loading and Prediction of liking for lager A from PLS1. 
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For lager B there was no clear information, as there was 
no significant difference among the group at 0.10 confi-
dence (data not shown). 
DISCUSSION 
From the results of the descriptive analysis, the attri-
butes, selected from the literature6,7,14 can be divided into 
2 groups of stale and liking descriptors. In lager A, cab-
bagy, cardboard, catty, leathery, metallic, musty, skunky, 
and sour scored positively on the first principal compo-
nent and related to staling. Grainy and honey scored nega-
tively on this component and were linked to liking. Simi-
lar results were obtained for lager B except that metallic 
did not correlate with stale (Fig. 1b). 
Soft modelling gave similar values for calibration and 
validation that suggested the attributes used explained 
well the sensory staleness for both lager A and B. Attri-
butes contributing to the prediction of stale had negative 
influences on liking, with the exception of metallic. Liking 
was clearly inversely correlated with staling attributes and 
positively related to honey and grainy.
Scoring of lager A (5% ABV) for liking by trained as-
sessors was well correlated with ranking by consumers 
and reduced with storage time, but was not greatly influ-
enced by storage temperature. For lager B (4% ABV), the 
Fig. 4. Loading and Prediction of stale for lager B from PLS1. 
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period defined by days 14 to 21 was crucial, and at this 
time samples were scored lowest for liking by assessors. 
Trained assessors showed more agreement in scoring 
liking than in ranking, and the assessors were able to sig-
nificantly discriminate both lagers (P < 0.05) with clear 
negative correlations of liking with stale character. Pear-
son’s correlation was –0.495 (P = 0.000) for lager A and 
–0.510 (P = 0.000) for lager B, which suggested that 
trained assessors used staleness and related attributes when 
scoring for liking. Consumers without training, ranked la-
gers on the basis of preference alone. 
The trained assessors provided better discrimination 
from profiling than the difference test. Triangle tests are 
generally accepted as requiring a larger number of asses-
sors: 24–30 for difference, >60 for similarity3. With 10 
assessors, replicate triangle tests are valid for difference 
but not for similarity3,10. Kunert11 advised replication of 
difference testing for a small panel to increase power and 
other alternative strategies have been suggested4,5. 
In this study, lager A met the expectation that staleness 
increased with storage time. Lagers stored longest were 
scored highest for stale character. However lager B stored 
for only 14 days scored highest for stale. For both lagers, 
storage time had a greater influence on the stale scoring 
than temperature. Many other studies in staling have var-
ied storage time under controlled temperature conditions. 
In this study, temperature did not appear to be a signifi-
cant factor. There was no significant difference (p = 0.05) 
Fig. 5. Loading and Prediction of liking for lager B from PLS1. 
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in lagers from a single time point stored at different tem-
peratures, suggesting a longer storage is needed for a sig-
nificant impact. Relationships between this sensory data 
and key staling congeners, notably carbonyl compounds, 
will be explored. 
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TABLE III. Least significant difference and Duncan multiple range test-









Fresh batch A, B  7 days 0.127 
  14 days 0.687 
  21 days 0.007** 
  28 days 0.077*** 
7 days A, B Fresh batch 0.127 
  14 days 0.054*** 
  21 days 0.227 
  28 days 0.809 
14 days A Fresh batch 0.687 
   7 days 0.054*** 
  21 days 0.002** 
  28 days 0.030** 
21 days C Fresh batch 0.007** 
   7 days 0.227 
  14 days 0.002** 
  28 days 0.334 
28 days B, C Fresh batch 0.077*** 
   7 days 0.809 
  14 days 0.030** 
  21 days 0.334 
 *samples sharing the same group were not significantly different (p > 
0.05) 
 **significant difference (p < 0.05) 
***significant difference (p < 0.1) 
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